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Abstract 
Pharmaceuticals, and more recently biopharmaceuticals, have become the mainstay for 
antineoplastic treatments in combination with surgical interventions and radiation 
therapy. In recent years, advances have been made in the development of nano-
technological interventions for the treatment of cancer alone or in combination with 
existing therapeutic modalities. Nanotechnology used for therapeutic drug delivery and 
sensitization of photodynamic, sonodynamic and radiotherapy are now being tested in 
preclinical and clinical trials for the treatment of cancer. This article will review the 
current state of the art for nanotechnology therapies with an emphasis on targeted drug 
delivery and the observed and likely benefits when used in combination with existing 
therapeutic approaches.  
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1. Introduction 
Cancer treatment can be affected by a combination of physical, chemical and biological 
technologies. Due to the considerable variation between types and status of tumours 
and individual patients, the efficiency of cancer therapy is difficult to guarantee and 
commonly associated side effects and off-target toxicity can be daunting (H. Chen et 
al. 2017). However, recent technological advances have led to the development of new 
nanotechnological approaches for cancer therapies, which promise high-precision ways 
to beat cancer. Nanotechnology can be combined with chemotherapy to facilitate 
targeted delivery into cancer tissue with high specificity and efficacy (Ferrari 2005). 
Nanoplatforms allow more accurate, non-invasive and real-time cancer diagnosis and 
monitoring during therapy using magnetic resonance imaging, ultrasonography, etc. 
(Alexis et al. 2008; Baetke et al. 2015; Zaimy et al. 2017) Adjuvant nanotechnological 
devices are used in cancer interventions such as radiotherapy (Wu et al. 2016), 
photodynamic therapy (Clement et al. 2017) and sonodynamic therapy (Xu et al. 2016), 
which are capable of achieving considerably higher precision of treatment and reduced 
side effects. After decades of developing the understanding of nanotechnology, cancer-
related nano-treatments have undergone extensive preclinical and clinical-trial studies 
and shown promising results (H. Chen et al. 2017). Bregoli et al. have summarised of 
the current state of the art of nanomedicines undergoing clinical trial and clinically-
approved nanomedicines for cancer therapies (Bregoli et al. 2016).  
The traditional definition of a nanotechnological device for cancer treatment is that the 
essential components of the device or the device itself are artificial, and have at least 
one dimension in the 1-100 nm range (Ferrari 2005; Whitesides 2003). It has been 
suggested that there should be less emphasis on the exact definition of size which could 
be extended to a range of 1–1,000 nm, and define the approaches to bionanotechnology 
according to their function and purpose (Ferrari 2005). According this definition, 
nanotechnologies used in cancer treatment include drug-delivery, therapeutic 
nanovectors, nano-sensitizers, diagnostic agents and macroscopic devices with 
essential nanocomponents such as microarrays/ ‘nanoarrays’, nanocantilever arrays and 
silicon nanowires for highly-specific and highly-efficient molecular detection and 
diagnostic, etc. (Ferrari 2005) The recent advances and use of these emerging 
nanotechnological treatments for cancer is briefly reviewed in this chapter with a 
particular emphasis on nanotechnologies used for drug-delivery and sensitization of 
therapeutic interventions. 
2. Drug-delivery and Therapeutic Nanovectors 
The applications of nanoparticles in pharmacology have been investigated over the last 
three decades and a new generation of vehicles for delivery of biomedical compounds 
has emerged (Couvreur & Vauthier 2006). Nano-scale carriers have been exploited for 
drug delivery, drug targeting, histological engineering, tissue targeting and labelling 
(Kong et al. 2011). The evolution of nanotechnology enables researchers to synthesize 
a wide variety of nanoparticles with distinct functions and characteristics. Such 
nanomaterials can be functionalised with molecular and imaging probes or bioactive 
compounds which can be conjugated, linked, coated or adsorbed to them, in order to 
implement specific functions (Kong et al. 2011).  
For cancer therapy, nanoparticles have been demonstrated to provide site-specific 
delivery by incorporation of various targeted ligands to bind to the desired site, or 
utilizing stimuli-responsive strategies. Targeted ligands can include various compounds 
(e.g. antibodies, peptides, hormones, receptor ligands, nucleic acids and lipid 
derivatives) (Eckmann et al. 2014). Functionalized nanoparticles are capable of 
responding to one or more physical, chemical, biochemical or environmental stimuli, 
including osmotic pressure, hydrodynamic pressure, vapor pressure, mechanical force, 
magnetics, sonophoresis, iontophoresis, hydration, electricity, pH, salt concentration, 
hydrolysis, enzyme, temperature, light and hypoxia, etc. (Bennet & Kim 2014) In 
addition, nanocarriers can prolong circulation time and are incapable of diffusing across 
non-fenestrated endothelium, thus enabling accumulation in the tumor tissues, resulting 
in enhanced permeation and retention (EPR). Notably, however, it has been pointed out 
that precise prognosis should be based on comprehensive characterisation of an 
individual tumor, rather than broadly on the EPR effect (H. Chen et al. 2017).  
The term nanoparticle can encompass a variety of materials, including liposomes, 
polymer-based nanoparticles, metal-based nanoparticles, dendrimers and combinations 
of the above. Lipid-based nanoparticles (Liposomes) are the most extensively studied 
polymeric nanoparticles for biomedical compound delivery (Yatoo 2014). They are 
membranous lipid bilayer vesicle structures, containing an aqueous volume (Zhao & 
Leticia Rodriguez 2012). It has been shown that liposomes and other types of 
nanocarriers can significantly improve the efficacy of a drug by increasing its  solubility, 
overcoming resistance, controlling the targeted release and modifying their 
biocompatibility, bioavailability and safety profiles (Tiwle et al. 2012; Fairhurst & Lee 
2012; McAllister et al. 2007; Yatoo 2014; Date et al. 2012). Polymer-based 
nanoparticles consist of macromolecules which can form a variety of structures (Tian 
& Ma 2013; Kroto et al. 1985; Elhissi et al. 2012), which provide specific functions in 
a variety of fields. Metallic or metal oxide (e.g. gold, iron oxide) nanoparticles have 
been demonstrated to be useful as imaging and diagnostic agents and have the potential 
to enhance the performance of various disease diagnostics (Couvreur & Vauthier 2006). 
Furthermore, metal-based nanoparticles have been investigated as a specific, promising 
therapeutic aid to treat cancer in combination  with other interventions (Baetke et al. 
2015). This section reviews the recent developments of nanoparticles for effective 
cancer treatment and provides related content that can be used for reference.  
Liposomes 
Liposome platforms have attracted considerable attention from the academic and 
clinical arenas and have become one of the most studied biomaterial nanoparticles, due 
to the fact that liposomes can significantly improve the efficiency of a drug by 
increasing its solubility, overcoming resistance, controlling its targeted release and 
modifying its biocompatibility, bioavailability and safety profile. There have been 
several clinically approved liposome-based nanomedicines for cancer therapies, such 
as Doxil, Myocet, Mepact, Dauno Xome, Depocyt, Marqibo and MEPACT (Bregoli et 
al. 2016). Moreover, advances in liposome research have led to the emergence of 
hundreds, even thousands, of different functional liposomes for various tumours, which 
have been tested in preclinical research and clinical trials (Ferrari 2005; Bregoli et al. 
2016). According to their number of bilayer membranes, liposomes are grouped into 
unilamellar and multilamellar vesicles (Zununi Vahed et al. 2017). Unilamellar vesicles 
have a single lipid bilayer, while multilamellar vesicles consist of several unilamellar 
vesicles surrounded by lipid bilayers. On the another hand, according to the formulation, 
liposomes can be grouped into several types, including PEGylated stealth liposomes 
(Couvreur & Vauthier 2006), immunoliposomes (Tila et al. 2015), lipoplexes (Lonez 
et al. 2008), fusogenic liposomes (Yuba et al. 2010), stimuli-responsive liposomes 
(Zununi Vahed et al. 2017) and combinations of the above. (Couvreur & Vauthier 2006)  
Nanoparticles, including liposomes, can be rapidly cleared from the bloodstream by the 
mononuclear phagocytic system (MPS), significantly decreasing in-vivo circulation 
half-life and the delivery efficiency of drugs (Bregoli et al. 2016). Therefore, for a 
longer circulation time, it is critical to protect liposomes from MPS detection. Doxil, 
the first clinical approved nanomedicine for cancer therapy, is made of polyethylene 
glycol-coated (PEGylated) liposomes containing anti-cancer drug doxorubicin (Bregoli 
et al. 2016). Coating liposomes with polyethylene glycol, which is a class of 
biocompatible, inert and hydrophilic polymer, results in significant increases of the 
circulation half-life, from several hours to around 45 h, achieving sustained and 
prolonged drug delivery, and promoting tumour accumulation of liposomes (Couvreur 
& Vauthier 2006). PEGylated stealth liposomes have been widely applied in the clinic 
and are easily functionalised with other functional features, such as stimuli-responses 
and ligand targeting (Tila et al. 2015). Alternatively, sustained release of a drug from 
MPS cells, more complex liposomal formulations (e.g. small size, net neutral charge, 
incorporation of cholesterols and lipids), or drug release into specific areas, such as the 
cerebrospinal fluid, non-PEGylated liposomes have been demonstrated to result in an 
increase in the tumour exposure to the drug (Bregoli et al. 2016).      
Attaching targeting ligands to the liposome surface is now a well-established and 
widely used feature in liposome design. Liposomes functionalised with antibodies, also 
known as immunoliposomes, can carry a drug dose and selectively bind to a chosen 
tumour site, whilst antibody fragments, glycoproteins, peptides, vitamins and 
oligonucleotide aptamers can also be used as targeting ligands (Tila et al. 2015; 
Gunawan & Auguste 2010; Park et al. 1997; Mastrobattista et al. 1999; Zalipsky et al. 
1996). Gene therapies have been considered as a novel and promising method for 
cancer treatment. Lipoplexes (cationic liposomes) have been investigated as an 
attractive gene delivery system that are simple to synthesize and control, have high 
delivery efficiency and can enhance the stability of nucleic acid therapeutics (Tila et al. 
2015). Cationic lipids used in lipoplexes are comprised of a cationic head and 
hydrophobic domain and have the capacity to form particulate complexes in the 
liposomal membrane by interacting with nucleic acids therapeutics (negatively 
charged), including plasmid DNA (pDNA), small interfering RNA (siRNA) or micro-
RNA (Tila et al. 2015). 
Fusogenic liposomes are able to fuse with cellular membranes and directly release 
encapsulated drugs into the cytoplasm or targeted cell organelles, significantly 
enhancing the cellular uptake of drugs, avoiding lysosomal degradation, and 
counteracting the drug resistance of cancer cells (Tila et al. 2015; Kunisawa et al. 2005). 
Membrane fusion is achieved by the specific interactions between the membrane 
receptors and the liposomes or the membrane-associated proteins or peptides that are 
contained within the liposomes. Moreover, negatively charged phospholipids promote 
the fusion in the presence of calcium in some types of fusogenic liposomes (Yuba et al. 
2010; Malaekeh-Nikouei et al. 2008; Watarai et al. 2014). The formation of lipid 
bilayers and incorporation of special lipids (e.g. dioleoyl phosphatidylethanolamine 
(DOPE)) also promote the membrane fusion reaction and enhance the release of the 
encapsulated drugs (Tila et al. 2015). 
Functional liposomes have been used for the improvement of circulation time and 
stability of drugs, specifically targeting cancer cells, and promoting drug delivery. More 
recently, the maturation of stimuli-responsive liposome technologies has yielded 
precise control of drug release, which provides greater individualised treatment with 
lower undesirable side effects (Deshpande et al. 2013). Several types of drug release 
triggers have been used in liposome-based delivery systems, including temperature, pH 
level, enzymes, light, ultrasound, electromagnetic waves and magnetic fields. (Zununi 
Vahed et al. 2017) 
The extracellular pH level in the environment of cancer cells is lower than that around 
normal cells (pH 6.2-6.8 vs pH 7.1-7.4). Additionally, in endosomal vesicles, the pH is 
lower than 5 (Moussa et al. 2015). pH-sensitive liposomes (PSLs) are stable at the 
neutral pH of blood and healthy tissues, but are designed to become destabilized and 
release encapsulated drugs in the vicinity of cancer cells and/or in endosomes (Karanth 
& Murthy 2007). The most developed class of PSLs are designed to be triggered after 
endocytosis and several mechanisms may be involved: direct release of drugs into the 
cytosol due to the fusion of the endosome and liposome membranes which is induced 
via pH changes; drug leakage into the cytosol because of the pH-induced destabilization 
of liposomal membranes which will cause the destabilization of endosomal membranes; 
release of drugs inside the endosomes due to the pH-induced destabilisation of the 
liposomes, followed by the diffusion of the molecules into the cytosol (Moussa et al. 
2015). There are several classes of materials used in the formulation of different PSLs, 
including polymorphic lipids combined with amphiphilic compounds that contain an 
acidic group, lipid derivatives that have pH-sensitive chemical bond (e.g. N-acylated 
aminophospholipid derivatives and plasmalogens), reconstituted fusion proteins or 
peptides that are pH-sensitive and able to destabilise the membrane of liposomes in 
acidic environments, and pH-titratable polymers, which change conformations at low 
pH, as recently reviewed by Moussa et al..(Moussa et al. 2015) 
Thermo-sensitive liposomes (TSLs) are sensitive to temperature, due to their specific 
chemical composition. For example, some types of liposomes consist of lipids (e.g. 
dipalmitoyl phosphatidylcholine) that begin to melt when the temperature exceeds their 
thermal threshold, whereupon the surface of the liposomes becomes porous and the 
encapsulated drugs is released (Moussa et al. 2015). The increase of local temperature, 
known as hyperthermia, can be induced via pathological status or external triggers such 
as light, ultrasound, microwave or magnetic fields (Tila et al. 2015; Moussa et al. 2015). 
Optimisation of the hyperthermic effect allows precise control over the amplitude and 
location of the temperature rise in targeted cancer tissues. Therefore, TSLs which are 
stable at the temperature of the human body (37°C on average), can be triggered to 
release the encapsulated molecules at targeted sites by hyperthermia (about 39-43°C) 
to achieve greater therapeutic effect and reduced side effects (Moussa et al. 2015; Ta & 
Porter 2013). 
Moreover, liposomes can be designed to be sensitive to certain enzymes that only have 
high activity at the tumour site, such as lipases, cancer-associated proteases and 
phospholipases(de la Rica et al. 2012; Moussa et al. 2015; Arouri et al. 2013). There 
are several classes of enzyme-sensitive liposomes, chemically modified with different 
molecules (e.g. lipopolymers (Arouri et al. 2013), small peptides and phosphorylated 
synthetic estrogen, etc.(Bibi et al. 2012)) that can specifically respond to certain enzyme 
levels above a threshold. 
Some types of liposomes are capable of absorbing the energy of certain external triggers 
(e.g. light, ultrasound, electromagnetic waves or magnetic fields, etc.) and subsequently 
converting it to heat, causing a localised hyperthermia that effects the liposomes and 
induces the release of drugs (Moussa et al. 2015). These external triggers also can be 
used to directly affect the liposomes. For instance, light can induce changes in the form 
of photosensitive lipids, which are chemically modified, and change the membrane 
permeability (Anderson & Thompson 1992). Ultrasound is able to induce the rupture 
of microbubbles at target sites, known as transient cavitation, which will be described 
in detail in section 4. The collapse of microbubbles produces enormous localised heat 
and pressure waves, which can cause the disruption of the liposomal and/or cell 
membranes, consequently allowing the release and permeation of drugs (Hernot & 
Klibanov 2008). 
Additionally, liposomal platforms which are capable of co-delivering combinatorial 
drugs bring a paradigm shift in tumour therapy (Hu et al. 2010). Several classes of 
liposome-based drug combinations have been reported, including the co-delivery of 
chemotherapeutic drugs, the co-delivery of chemosensitizers and chemotherapies, and 
the co-delivery of siRNA and chemotherapies (Mayer 2006; Jack Hu & Zhang 2009; 
Saad et al. 2008). The combination of drugs can achieve greater synergistic activity by 
loading them into liposomes at optimised molar ratios and selecting appropriate 
encapsulation schemes (Hu et al. 2010). For example, multiple hydrophilic drugs can 
be encapsulated in liposomes; lipophilic drugs can be partitioned into the membrane of 
liposomes; and negatively charged oligonucleotide drugs (e.g. siRNA) are able to bind 
to the positively charged liposomal surface (Hu et al. 2010). 
Nanogels and polymeric nanoparticles 
Polymeric nanoparticles are nano-sized colloidal particles and have been extensively 
explored for drug delivery for cancer therapies. Among the various materials, designs 
and synthesis methods, the polymeric nanoparticles studied most commonly consist of 
a hydrophobic polymer-based core containing anticancer drugs and a hydrophilic outer 
shell, which ultimately enabled longer persistence and systemic circulation time in the 
bloodstram, leading to further accumulation of nanoparticles in cancer tissue (Masood 
2016). Alternatively, there has also been increasing interest in using nanosized 
hydrophilic cross-linked polymer networks, also termed as nanogels, for drug delivery 
(Chan & Almutairi 2016; Sivaram et al. 2015).  
Polyhydroxyalkanoates (PHAs) (Li & Loh 2017), cyclodextrins (CDs) (Duchene et al. 
2016) and poly-(lactide-co-glycolic acid) (PLGA) (Katiyar et al. 2015) are the most 
commonly used polymer materials for the core fabrication (Masood 2016). Meanwhile, 
nontoxic hydrophilic outer shells provide outstanding blood biocompatibility, such as , 
polyvinyl alcohol (PVA), PEG and monomethoxy poly-(ethylene glycol) (mPEG), 
which has also been widely applied in surface modification of other kinds of 
nanoparticles, such as liposomes and gold nanoparticles (Masood 2016). The reader is 
referred to (Li & Loh 2017; Duchene et al. 2016; Masood 2016) for an in-depth 
investigation and discussion of recent advanced PHAs, CDs and PLGA-based 
polymeric nanoparticles used for cancer treatment.  
Nanogels are hydrophilic nanosized cross-linked polymer networks, also called 
hydrogel nanoparticles (Chan & Almutairi 2016; Sivaram et al. 2015; Lux et al. 2013). 
In the last decade, there has been increasing interest in the applications of nanogels as 
drug carriers and imaging agents (Sivaram et al. 2015; Sultana et al. 2013; Maya et al. 
2013). Nanogels have unique utilities and properties including: 
1. high biocompatibility on account of the high water content and living tissue-
like physical properties and they are easily biodistributed by intravenous 
injection (Soni & Yadav 2016; Chan & Almutairi 2016).  
2. the ability to selectively respond to stimulation, including changes of pH, ionic 
content, biomolecules, magnetic field, light and temperature, which is important 
in specific drug delivery and responsive imaging(Stuart et al. 2010; Eckmann et 
al. 2014). 
3. highly efficient loading capacity of a wide range of drugs due to the prolonged 
residence time provided by muco-adhesive polymers(Sivaram et al. 2015). 
The release of the drugs and other molecules is easy to control by varying the nanogel 
properties, for example by incorporating stimulus-responsive crosslinkers or changing 
crosslinking density (Sivaram et al. 2015).  
Nanogels are capable of generating appropriately sized complexes with molecules and 
keeping their configuration and activity, and even encapsulating fragile compounds to 
increase their stability (Sasaki et al. 2010; Singh et al. 2013; Sivaram et al. 2015; Bae 
Ki et al. 2008). Like other nanomaterials, nanogels have nanoscale physical properties, 
such as size (20~200 nm) and large surface area (Maya et al. 2013; Soni & Yadav 2016). 
Meanwhile, the production of nanogels enables versatile formulation and it is facile to 
chemically modify nanogels for specific purposes, including triggered drug release and 
targeted drug delivery (Vinogradov et al. 2002; Maya et al. 2013). These properties of 
nanogels make them promising for applications in anti-skin disease, anti-inflammatory, 
ocular, transdermal and protein/peptide drug delivery and therapy, cancer drug delivery 
and imaging (Sivaram et al. 2015). 
For cancer therapy, nanogels demonstrate site-specific delivery by incorporating 
various targeted ligands to bind to a desired site, or utilising the stimuli-responsive 
ability (Eckmann et al. 2014). Targeting ligands can include various compounds, such 
as antibodies, peptides, hormones, receptor ligands, nucleic acids and lipid derivatives, 
etc. In addition, nanogel carriers have prolonged circulation time and are incapable of 
diffusing across non-fenestrated endothelium, and thus are able to accumulate in 
tumour tissues (EPR). For instance, Liang et, al. described a novel self-assembled 
nanogel consisting of hyaluronic acid-epigallocatechin gallate conjugates (HA–EGCG), 
cytotoxic protein Granzyme B (GzmB) and linear polyethylenimine (PEI) (Liang et al. 
2016). HA is known to have the ability of targeting CD44, which is overexpressed in 
many cancer cell types and EGCG is used to facilitate the formation of stable nanogels. 
After endocytosis, PEI is able to change the pH in endosomes and rupture the membrane 
to release drugs into the cytosol (Boussif et al. 1995). It has been observed that this 
nanogel  efficiently kills CD44-overexpressing cancer cells and shows little toxic effect 
to normal cells (Liang et al. 2016). Jicheng Yu et, al. have reported a method to develop 
a natural particulate-inspired targeted nanogel with endosome membrane components 
from source cancer cells (EM-NG). EM-NGs have a highly specific homotypic affinity 
to source cancer cells, but are not  ingested by non-source cells (Yu et al. 2016).  
After accumulating in tumour tissues via the EPR effect, pH-responsive nanogels are 
triggered to release drugs either in the extracellular fluids (pH 6.8) or, after cellular 
uptake, in the acidic endosomes and lysosomes (pH 4.5-6.5) in cancer cells (Manchun 
et al. 2015; Manchun et al. 2012). In recent research, hybrid nanogels have been applied 
to photothermal cancer therapy. Hui Wang et al. fabricated drug loaded core-shell 
hybrid nanogels that have the function of both tumour imaging, local hyperthermia, 
temperature sensing and triggered drug release (Wang et al. 2014). These 
multifunctional nanoparticles have high photoluminescence, photostability, 
magnetic/NIR-heat conversion ability and drug accumulation potential due to the 
composite structure consisting of fluorescent carbon dots, a porous carbon shell and 
superparamagnetic iron oxide nanocrystals. Meanwhile, the hydrogel shell can control 
the release of drug and fluorescence intensity by varying environmental temperature, 
which is based on the thermo-responsive poly (N-isopropylacrylamide-co-acrylamide) 
(Wang et al. 2014). Therefore, NIR light and magnetic field are able to induce localised 
heating and trigger the release of drugs. In addition, they demonstrated that these hybrid 
nanogels are capable of overcoming cellular barriers to exert effects in mouse 
melanoma B16-F10 cells (Wang et al. 2014). 
Metal-based nanovectors 
Gold nanoparticles (AuNPs) are the most studied metal-based nanovectors for anti-
cancer drug delivery and have been demonstrated to be promising and effective imaging 
labels and contrast agents on account of their strong surface plasmon resonance (SPR) 
effect. Electromagnetic radiation of specific resonant frequencies can induce a coherent 
oscillation of the free electrons on the nanoparticle surface, when the diameter (1-100 
nm) of the metal nanoparticles is less than the wavelength of light. The oscillation is 
called the SPR. The SPR can cause an intensely enhanced absorption and scattering of 
electromagnetic radiation in resonance with the metal nanoparticles (Jain et al. 2007). 
Furthermore, AuNPs have high stability and can be easily manufactured in controllable 
size, shape and functionalised by bioconjugations and biomodifications, which make 
them a outstanding nanomaterial for drug delivery. It is also known that AuNPs with 
strong surface-plasmon-enhanced absorption can convert the absorbed light into 
localized heat expeditiously and therefore can utilised for selective photothermal cancer 
therapy (El-Sayed et al. 2006).  
AuNP are generally considered relatively nontoxic to normal cells (Alkilany & Murphy 
2010; Connor et al. 2005; Villiers et al. 2010; Shukla et al. 2005), but non-
functionalized AuNPs have been reported to show selective cytotoxicity to certain cell 
lines, especially cancer cells. Hirak K. Patra and colleagues found that citrate-capped 
AuNPs (13 nm in diameter) can specifically induce death in the human carcinoma lung 
cell line (A549), while leaving two other cell lines, baby hamster kidney (BHK21) and 
human hepatocellular liver carcinoma (HepG2), unaffected at the same dosage (Patra 
et al. 2007). AuNP have been implicated in detrimental  effects on various important 
cellular components, such as mitochondria and membrane, damage to DNA, generation 
of reactive chemical species, hindrance of cell function and ultimately induction of cell 
death (Alkilany & Murphy 2010). Triphenylphosphine monosulfonate (TPPMS) 
capped AuNPs (1.4 nm in diameter) were found to be toxic to HeLa cervical carcinoma 
epithelial cells (IC50 = 48 μM）as a result of oxidative stress and mitochondrial damage 
leading to necrosis (Pan et al. 2009). Metal nanoparticles can capture electrons from O2, 
owing to their high surface/volume ratio and the specific electronic configuration of 
surface atoms (Nel 2007). Jia et Al. reported that AuNPs (13 nm in diameter) can 
catalyse the production of nitric oxide (NO) from endogenous S-nitroso adducts with 
thiol groups (RSNOs) in blood serum, resulting in the formation of Au-thiolate on the 
surface. It is known that NO can effectively interact with superoxide to generate a toxic 
peroxynitrite (ONOO-) species [ref]. 
Cellular responses to AuNPs depend on their chemical/physical properties, such as 
surface charge, size and shape (Alkilany & Murphy 2010). For instance, Goodman and 
colleagues  found that cationic (aminated) AuNP (size 2 nm) are able to cause 
membrane disruption and cell death, while anionic (carboxylated) AuNP with similar 
size and shape show no toxicity to cells. It suggests that the binding of the AuNPs to 
the negatively charged cell membrane can be a potential mechanism of the cytotoxicity 
of cationic AuNP (Goodman et al. 2004).   
Recent nanoparticles-cancer research has led to the development of special functional 
nanosized gold-based particles that conjugate drugs, antibodies or bioactive ligands 
which are designed to target or kill cancer cell (Ferrari & Phelps 2005; Cheng et al. 
2014; Kong et al. 2011). Branch et al. reported aurimmune CYT-6091, constructed by 
concurrently binding polyethylene glycol (PEG) and recombinant human Tumour 
Necrosis Factor (rhTNF) to AuNPs. It was tested in a phase I dose escalation clinical 
trial. It was demonstrated that the rhTNF plays a role in targeting and killing cancer 
cells (Libutti et al. 2010). Anil Kumar et al. successfully investigated a kind of peptide 
functionalized AuNP which consists of a therapeutic peptide, PMI and neuropilin-
1(Nrp-1) receptor-targeted peptide on ultrasmall AuNPs (2 nm). Since nrp-1 is highly 
expressed by a variety of human cancer cell lines and PMI is a potent inhibitor of 
suppressive protein, p53, these AuNPs can target cancer cells and show strong anti-
cancer activity (Kumar et al. 2012).  
Metal-based nanoparticles used for drug delivery also include iron oxide (Sharma et al. 
2015), zinc oxide (Rasmussen et al. 2010) and titanium oxide (Bakhshizadeh et al. 2017) 
based nanoparticles. For instance, Sun et al. fabricated iron oxide nanoparticles 
conjugated with anti-cancer drug methotrexate and targeting ligand chlorotoxin, and 
enhanced cytotoxicity was observed both in vitro and in vivo (Sun et al. 2008). 
Meanwhile, due to the superparamagnetic properties of iron oxide nanoparticles, they 
can also be used as MRI contrast agents for diagnosing and monitoring the effects of 
tumour treatment at the same time (Sun et al. 2008). To enhance the loading capacity 
of metal-based nanoparticles, polymer (Bakhshizadeh et al. 2017), lipid (Kong et al. 
2012) or other customized shells have been used to coat the metal cores, which also 
provide high stability and biocompatibility. For instance, Bakhshizadeh et al. 
assembled core-shell molecularly imprinted polymer for drug delivery by coating 
titanium oxide nano-cores with diacrylated polycaprolctone as cross-linkers and 
methacrylic acid or 4-vinylpyridin as the functional modification, and superior loading 
capacity, higher amount of drug release and considerable cytotoxicity in vitro were 
observed (Bakhshizadeh et al. 2017). 
On the other hand, metal-based nanoparticles, including copper, copper oxide (Studer 
et al. 2010; Akhtar et al. 2013), titanium oxide (Park et al. 2008), silver (Foldbjerg et 
al. 2009) have been demonstrated to be able to induce the generation of reactive oxygen 
species inside cells and ultimately lead to oxidative stress, DNA damage and apoptosis 
of targeted cells, which provide the therapeutic potential as anti-cancer agents 
themselves.  
Silicon and silica nanoparticles 
As emerging nanomaterials, nanosized porous silicon (silicon-based nanoparticles) and 
silicon oxide (silica)-based nanoparticles have attracted great attention for cancer 
treatment applications. Compared to other types of nanoparticles, silicon and silica 
based nanoparticles have uniquely mesoporous structures, strong hydrophobicity and 
other distinct material characteristics which make them a promising nanomaterial for 
cancer therapy applications (Feng et al. 2016). Due to the biocompatibility, porous 
structures/volume and high active surface area of silicon-based nanoparticles, they have 
been demonstrated to be one of the outstanding candidate nanovectors for targeted drug 
delivery, diagnosis and sensitisations of sonodynamic, photodynamic and thermal 
therapies, etc. (Ferrari 2005; Stojanovic et al. 2016) Silicon is one of the most 
fundamental trace materials in the human body, and silicon-based nanoparticles are 
completely degradable in the living organism. The generated free silicon atoms can be 
converted to a nontoxic bioavailable form and be excreted efficiently, which illustrates 
the biocompatibility of silicon-based nanoparticle (Stojanovic et al. 2016). It was 
observed using Raman spectroscopy that silicon nanoparticles can be completely 
biodegraded in breast cancer cells after 13-days incubation (Tolstik et al. 2016). The 
surface modifications of silicon-based nanoparticles for stabilisation, targeted delivery, 
controlled drug release or immunotherapy can be accomplished due to the porous 
structures/volume and high surface area (Stojanovic et al. 2016). Meanwhile, the pores 
inside silicon-based nanoparticles and their structure allow high-efficiency loading of 
varied compounds for cancer treatment, including both hydrophilic and hydrophobic 
compounds (Stojanovic et al. 2016; Kaasalainen et al. 2015; Kinsella et al. 2011; 
Salonen et al. 2005).  
Coating silicon nanoparticles with PEG (Putnam 2008) or serum albumin (Xia et al. 
2013) is capable of increasing the solubility and stability of silicon nanoparticles in 
aqueous environments and results in a much longer circulation time and EPR, similar 
to other nanoparticles. Simultaneously, silicon nanoparticles can target tumour tissue 
and enter cancer cells by recognising the receptors on the cell membrane and anchoring 
via multiple functionalised components, such as carbohydrates, antibodies and peptides 
(Stojanovic et al. 2016; Secret et al. 2014; Godin et al. 2011). A variety of silicon 
nanoparticle-delivered drugs have been examined, such as methotrexate, SFN (Wang 
et al. 2015), indomethacin (Liu et al. 2013), PTX (D. Liu et al. 2015), DOX (Xu et al. 
2015) and siRNA (Osminkina et al. 2012), etc.  
Silicon oxide, also known as silica, is well-known as a bio-safe and widely-applied 
natural material. Due to the large internal surface area, controllable porous structure 
and other material properties of silica-based nanoparticles, they have been investigated 
as imaging agents, drug vectors and sensitisers as well as silicon-based nanoparticles 
(Feng et al. 2016). The most commonly studied structures of silica nanoparticles for 
drug delivery are mesoporous silica based nanoparticles based on Mobil Composition 
of Matter No. 41 (MCM-41) and/or Santa Barbara Amorphous-15 (SBA-15) (Feng et 
al. 2016). By altering the temperature, solution composition and concentrations of the 
synthesis system, the size, shape, surface area and pore size of the hexagonal porous 
MCM-41 structure can be easily controlled. SBA-15 type silica nanoparticles are 
synthesized using a polymeric template, which is able to provide mesostructural 
ordering properties for silica nanoparticles (Zhao 1998). MCM-41 type and SBA-15 
type have both been extensively explored for targeted drug delivery (Feng et al. 2016). 
Controlled-release drug delivery systems based on silica nanoparticles have also 
attracted increasing attention. The stimuli used for triggered drug release from silica 
nanoparticles include pH (Casasus et al. 2004), temperature (Yang et al. 2014), redox 
potential (Giri et al. 2005), enzyme (Radhakrishnan et al. 2015) and light (Tang et al. 
2015), etc. For instance, Chang et al. fabricated a pH-sensitive drug delivery system by 
modifying the surface of silica nanoparticles with polydopamine. The anti-cancer drug 
desipramine contained in pH-triggered silica nanoparticles can be released in low-pH 
cellular conditions (Chang et al. 2016). Compared to free desipramine, pH-sensitive 
silica nanoparticles showed significantly higher toxicity and inhibitory effects to cancer 
cells. Lipid-coated silica nanoparticles, a lipid bilayer surrounding silica nanoparticles 
containing anti-cancer drugs, have been investigated recently, and less drug leakage, 
slower rate of drug release, and more substantial in vivo therapeutic effects where 
observed (Meng et al. 2015; Liu et al. 2016; Choi et al. 2016) .  
Dendrimers 
Dendrimers are 3-dimensional, highly branched monodispersed nanoscale 
macromolecules (Sharma et al. 2017). Generally, dendrimers consist of an initiator core, 
branches which emanate from the core and functional end groups on the outermost layer 
(Gupta et al. 2010). Dendrimers have been considered as a promising nanomaterial for 
targeted delivery and diagnostic imaging agents, due to their unique properties, such as 
the monodispersity, internal cavities and modifiable functional end groups (Sharma et 
al. 2017). The cavity in the hydrophobic core and the multivalent surface allow 
dendrimers to effectively load hydrophobic and hydrophilic compounds, respectively 
(Hu et al. 2010). Varied dendrimer-based MRI, X-ray and CT contrast agents have been 
developed by linking contrast agents to dendrimers with design formulations (Sharma 
et al. 2017). In addition to diagnostic agents, functionalized and ligand-anchored 
dendrimers have shown outstanding ability to target drug delivery. The ligands that 
have been used with dendrimers include folic acid (Hilgenbrink & Low 2005), biotin 
(Yang et al. 2009), N-acetyl-glucosamin (Vannucci et al. 2003) and riboflavin, etc. 
(Sharma et al. 2017) Due to the definition of dendrimers, the formulations of 
dendrimers are various, such as PAMAM(Buczkowski et al. 2011), polyglycerol (Lee 
& Ooya 2012), PPI (Jain et al. 2015), polyester (Morgan et al. 2006) and nucleic acid 
(Taghdisi et al. 2016), etc. (Sharma et al. 2017) For instance, Taghdisi et al. fabricated 
an aptamer-base DNA dendrimer containing the anti-cancer drug epirubicin, and 
targeted drug delivery and considerable in vivo tumour inhibiting effects were observed 
(Taghdisi et al. 2016). 
Several major types of nanovectors, including liposomes, polymeric, metal-based, 
silicon and silica-based nanoparticles, and dendrimers which have been applied in 
clinical or preclinical trials for targeted delivery of anti-cancer drugs, have been briefly 
introduced above. Moreover, oceans of novel nanoparticles are currently under study 
and the systematically combination of varied nanomaterial will provide a very large 
number of options for selecting highly-specific and highly-efficient therapeutic 
nanovectors according to individual patient. On the other hands, to develop more 
selective and less toxic cancer therapies, nanoparticles have been applied to combine 
several therapeutic interventions, including photodynamic (Roblero-Bartolon & 
Ramon-Gallegos 2015; Agostinis et al. 2011; Chatterjee et al. 2008), sonodynamic (Xu 
et al. 2016; Rengeng et al. 2017) and radiotherapy (Hainfeld & Dilmanian 2010), etc., 
as sensitisers or imaging agent or both. The following sections will review the recent 
advance in the combination of nanoparticles with existing anti-cancer interventions. 
3. Nano-Sensitisers  
Photosensitisers 
Photodynamic therapy (PDT), known as photochemotherapy of tumours, is a clinically 
approved technology used in both the treatment of neoplasm and other diseases 
(Agostinis et al. 2011; Dougherty et al. 1978). PDT is able to selectively kill cancer 
cells by the administration of a light-sensitive photosensitizer (PS, non-toxic dye) 
followed by local irradiation at an appropriate wavelength (Agostinis et al. 2011; Ahn 
et al. 2014; Oliveira et al. 2011). PSs are usually single compounds that can be triggered 
at the appropriate wavelength, have no cytotoxicity until being activated and can be 
rapidly cleared by health tissues, such as Verteporfin (VP) and Rose Bengal (RB), 
which are well-known PSs used for PDT. After the absorption of light, the PSs are 
converted from the ground state to singlet state and later to the triplet state. Triplet state 
PSs can transfer the energy or charge to oxygen molecules to create reactive oxygen 
species, such as superoxide anion radicals, hydrogen peroxide, oxidant hydroxyl 
radicals and especially singlet oxygen, which plays a key role in PDT (Kochevar & 
Redmond 2000; Foote 1991; DeRosa & Crutchley 2002).  
Nanoparticles have been utilized in PDT as PSs, light transducers and PS carriers etc. 
(Roblero-Bartolon & Ramon-Gallegos 2015; Agostinis et al. 2011; Chatterjee et al. 
2008). Nanoparticles that can absorb and/or transfer light energy and generate ROS by 
themselves after irradiation activation include TiO2 nanoparticles (Rengeng et al. 2017), 
quantum dots (Chatterjee et al. 2008), silicon nanoparticles (Agostinis et al. 2011), 
silica nanoparticles (Kim et al. 2017; W. H. Chen et al. 2017) and conjugated polymer 
nanoparticles (Qian et al. 2017), etc. Nanoparticles are also promising carriers for PSs, 
as they can be designed to provide excellent biocompatibility, improve the stability, 
increase the efficiency of delivery to targeted tissues, overcome the blood-brain barrier 
(BBB) (Dixit et al. 2015) or cell-membrane transporters (Roh et al. 2017), and to 
enhance the generation of singlet oxygen by PSs. (Clement et al. 2017; Kautzka et al. 
2017) 
For instance, Ting Yin et al. assembled Fe3O4@polymer-NPO/PEG-Glc@Ce6 
nanoprobes which have prolonged residence time in tumour tissue and reduced 
accumulation in the normal organs, due to their targeting ability, ultra-small size and 
high stability (Yin et al. 2017). Polymeric nanoparticles are capable of adsorbing on 
cell surfaces and accumulate in cells due to cellular uptake mechanisms. Therefore, 
they are used for delivery and controlled-release of various PSs, which can provide high 
loading efficiency and improve the stability of PSs, such as bovine serum albumin NPs 
(Khanadeev et al. 2017), PLA/PLGA NPs (Ricci-Júnior & Marchetti 2006; Konan et 
al. 2003; Konan-Kouakou & Boch 2005), pPFPA NPs (Y. Liu et al. 2015). Other PS 
carriers include gold, iron oxide, ceramic (silica) and polyacrylamide NPs, and they can 
be modified with targeting peptides or antibodies and have high efficiency of loading 
(Chatterjee et al. 2008).  
The delivery of therapeutic drugs to brain tumours is limited by the BBB. As a 
promising delivering vector, gold nanoparticles have been demonstrated to be capable 
of efficiently crossing the BBB. PS-loaded AuNPs  functionalised with epidermal 
growth factor peptide (Meyers & Cheng 2015) and transferrin peptide (Dixit et al. 2015) 
etc. for brain cancer photodynamic therapy have shown significant improvements in 
cancer cell killing and accumulation of Pc 4 in brain tumour tissues, both in vitro and 
vivo. Roh et al. reported that polymeric nanoparticles can be used to encapsulate 
Chlorin-based photosensitizers, another drug commonly used in PDT, to overcome the 
efflux by cell-membrane transporters and increase the intracellular concentration of the 
PS (Roh et al. 2017). The conjugation of VP and RB to CeF3 and gold nanoparticles 
has been proven increase the efficiency of singlet oxygen generation by PSs (Clement 
et al. 2017). Gold nanoparticles were also found to enhance the generation of singlet 
oxygen while encapsulated in light-triggered liposomes containing RB. The local 
electric field enhancement caused by the AuNPs could be the potential reason (Kautzka 
et al. 2017).  
Due to the limited penetration of light through human tissues, the efficiency of PDT 
can only be guaranteed for the superficial layer of the treated tissues. In a recent study, 
Ozdemir et al. demonstrated that persistent luminescent nanoparticles conjugated with 
PSs allow a delayed emission and induce the generation of singlet oxygen without any 
need for light exposure (Ozdemir et al. 2017). Near-infrared light has stronger 
penetrating power than UV-visible light, which can be used to overcome the limitation 
of penetration depth in PDT (Zhou et al. 2010; Hirsch et al. 2003). Although 
photosensitizers such as aluminum sulfophthalocyanine (790 nm) (Kogan et al. 1999) 
and indocyanine green (absorption at 800 to 810 nm) (Omar et al. 2008; Funayama et 
al. 2012) can absorb near-infrared light directly, the generation of the triplet state by 
these photosensitizers appears lower compared to other photosensitizers that use UV or 
visible light for the activation (Omar et al. 2008; Bäumler et al. 1999; Allison et al. 
2004). Alternative options are provided by upconverting nanoparticles, which are 
modified nanosized composite materials such as NaYF4:Yb and Er/Tm that can convert 
long wavelength light (near infrared) to shorter wavelength light that activates the 
associated PS, (Chatterjee et al. 2008; Dou et al. 2015).  
Multifunctional NPs can also facilitate the combination of PDT with other physical 
treatments, such as chemotherapy (Kautzka et al. 2017; Lee & Chang 2017), 
photothermal therapy (Yang et al. 2017; Song et al. 2015), radiation therapy and 
imaging  (Ai et al. 2014; Manuscript 2009; Terentyuk et al. 2014). For example, 
Chadwick et al. described a hybrid NP consisting of a gold nanorod core and a silica 
shell containing hematoporphyrin (HP) as PS (Terentyuk et al. 2014). It has been found 
that the 633-nm laser-induced generation of singlet oxygen and 808-nm laser-induced 
production of heat can cause combined effects to solid tumours in a rat model and 
results in dramatic tumoricidal effect compared with PDT alone (Terentyuk et al. 2014). 
It has been reported that polypyrole nanoparticles, a type of conjugated polymer, linked 
with photosensitizer Ce6, were able to induce both photodynamic therapy (PDT) and 
photothermal therapy (PTT) in the targeted tissues and showed considerable synergistic 
effects compared with PDT or PTT alone (Song et al. 2015). Yang et al. assembled 
hollow manganese dioxide nanoparticles loaded with both photosensitizer Ce6 and anti-
cancer drugs DOX which could release therapeutic molecules within the low-pH 
tumour microenvironment and showed a significant synergistic therapeutic effect in 
vivo (Yang et al. 2017).  
Sonosensitisers 
When ultrasonic waves propagate in a medium, the molecules will oscillate about their 
mean position, resulting in a change of the average distance between them (Lorimer & 
Mason 1987), leading to alternating cycles of rarefaction and compression (reduced and 
increased pressure respectively) (Kennedy 2005). During the expansion phase, the 
average distance between the molecules becomes greater and it becomes easier to form 
a cavity and draw gas/vapour out of solution to create bubbles (Flynn 1964). 
Subsequent ultrasonic waves will cause the oscillation of gas bubbles, termed acoustic 
cavitation, which can be divided into two categories (stable cavitation and inertial 
cavitation) (Brennen 1995). Using relatively lower-intensity ultrasound, the bubbles are 
able to oscillate in size repeatedly, which is called stable cavitation. Inertial cavitation 
is the rapid expansion and then sudden collapse of bubbles upon exposure to higher-
intensity ultrasound. The violent collapse can cause shock waves, local energy release, 
temperature rises and generation of reactive oxygen species (ROS) at a microscopic 
level (Husseini et al. 2005; Kennedy 2005). This can be harnessed to promote cancer 
cell inactivation (Wood & Sehgal 2015). Advantages of this technological approach 
include directionality, relatively high resolution, the ability to focus and target a specific 
region and the ability to penetrate biological tissue and reach much deeper targeted 
tumours compared to PDT.  
Ultrasound has been utilized in various neoplasm treatment applications, which can be 
broadly classified into two types: high intensity ultrasound and low intensity ultrasound. 
It has been suggested that high intensity ultrasound treatmentssuch as ultrasonic 
surgical instruments and high intensity focused ultrasound (HIFU) (Yu et al. 2004). 
mainly cause structural alterations in tissue and favours heat-production, In contrast, 
low intensity ultrasound (LIU) treatments, mostly modulate the functions of tissue and 
achieve cell killing effect together with other assistants, such as sensitizing or 
chemotherapeutic molecules via acoustic cavitation (Wood & Sehgal 2015; Yu et al. 
2004) LIU is safe to normal tissues and the implementation of it is simpler and less 
expensive (Wood & Sehgal 2015). Therefore, LIU has been applied in several 
promising and emerging neoplasm treatments, which include ultrasound mediated gene 
therapy (Newman & Bettinger 2007; Hernot & Klibanov 2008), ultrasound mediated 
chemotherapy (Jr & Tachibana 2012; Li et al. 2013), antivascular ultrasound therapy 
(Wood & Sehgal 2015) and sonodynamic therapy.  
Sonodynamic therapy (SDT): ultrasound induced inertial cavitation can produce ROS 
together with sonosensitizers and leads to a series of molecular reactions and finally 
cell death (Wood & Sehgal 2015). The sonosensitizers, which can be excited by inertial 
cavitation and generate ROS and other free radicals, are similar to photosensitizers and 
have been developed extensively in recent years (Chen et al. 2014).     
Due to the specific advantages of nanoparticles, a variety of nanoparticles have been 
introduced into the development of SDT, as high-performance sonosensitizers or 
efficient carriers for the sonosensitizer. There have been some promising nano materials 
developed as sonosensitizers, such as gold, TiO2, Fe3O4, Carbon fluoroxide, porous 
silicon, silver and silver copper nanoparticles, etc. (Xu et al. 2016; Rengeng et al. 2017) 
For instance, TiO2 nanoparticles, as an emerging nano material, also known as a 
photosensitizer, have high biocompatibility, great stability, small molecular weight and 
accessibility to cytomembrane. After being treated with ultrasound, the TiO2 NPs inside 
cells can generate active hydroxyl ions which can kill target cells in vitro and in animal 
models (Rengeng et al. 2017). Chen et al. have recently reported mitochondria targeting 
liposomes for sonosensitizer delivery . In this study, the liposomes were applied as 
nanocarriers for the hematoporphyrin monomethyl ether (HMME), a typical 
hydrophobic sonosensitizer as well as photosensitizer. After the accumulation of the 
liposomes in the mitochondria, the lipid in liposomes can be oxidised by ultrasound, 
causing the release of HMME. HMME can then be actived by the ultrasound and 
produce ROS inside the mitochondria, which can kill cancer cells more effectively (M. 
Chen et al. 2017). Miyoshi and colleagues reported the combination of sonodynamic 
therapy (SDT) and photodynamic therapy (PDT) (Miyoshi et al. 2016). Using 0.2% 
TiO2 nanoparticles as sonosensitizers and 5-aminolevulinic acid as photosensitizers in 
a mouse model, the synergy of SDT and PDT was demonstrated to result in significantly 
greater antitumour activity compared with SDT or PDT alone (Miyoshi et al. 2016). 
Radiosensitisers 
Radiation therapy (RT) using high-energy ionizing radiation (IR)is one of the primary 
treatments for neoplasm. RT is effective in controlling or killing various cancer cells 
and has been prescribed for a large proportion of cancer patients, as sole treatment or 
combined with other interventions, for more than 100 years. The mechanisms of action 
of RT include the generation of free radicals or the direct deposition of energy by IR. 
Due to photoelectric effects and Compton effects, the track of IR induces ionization 
and excitation in tissue (Rehman et al. 2015). In cells, the electrons interact with water 
and generate free radicals, including reactive oxygen and nitrogen species (ROS and 
RNS) (Mikkelsen & Wardman 2003). Damage is induced by the ROS/RNS, causing 
oxidative stress and lesions of cellular macromolecules, including DNA, protein and 
lipids (Nikitaki et al. 2016). Meanwhile, the cell killing effect is also related to the direct 
deposition of energy by IR, which is highly penetrating and able to cause irreparable 
damage to genetic material even at low dose (Rothkamm & Löbrich 2003). However, 
due to the high cytotoxicity and non-targeted effects of radiation, the radiation must be 
accurately delivered to tumour tissue while sparing normal tissue to improve PFS, OS 
and ultimately the life quality of patients (Nikitaki et al. 2016).  
Currently, RT is highly developed and refined, primarily based on three aspects: 
dose/fractionation, delivery systems and guiding/monitoring to minimise the side 
effects and improve treatments. RT has also been demonstrated to have strong synergic 
or additive effects with a great variety of neoplasm treatments, such as chemotherapy 
(Bentzen et al. 2007; Plastaras et al. 2007; Régnard & Bräuer-Krisch 2008; Lund et al. 
2000), nanotechnology (Hainfeld & Dilmanian 2010), gene therapy (Badie et al. 1999; 
Cook et al. 2004; Gupta et al. 2003), hyperthermia (Kampinga 2006), photodynamic 
therapy and immunotherapy (Simone et al. 2015). Nanoparticles have been used as 
imaging agents for cancer diagnostics, which provides excellent guiding/monitoring for 
RT. Nano-sensitizers also show considerable synergistic effects combined with 
radiotherapies. Various nano materials have been evaluated in combination with RT in 
cancer therapy, such as gold (Tailor et al. 2015; Wu et al. 2016), gadolinium (Wozny 
et al. 2017), hafnium, bismuth (Detappe et al. 2016), copper (Liu et al. 2017) and 
magnetic iron oxide nanoparticles (Attaluri et al. 2015). Metal-base nanoparticles have 
great potential as radiosensitizers, mainly due to the increased radiation interaction 
cross-section of cancer cells, causing the emission of abundant Auger electrons and 
short-range photoelectrons and resulting in hyperthermia and damage to the cancer cells 
(Kunjachan et al. 2015; Hainfeld et al. 2014). The biological mechanisms involved in 
nanoparticle radiosensitization include oxidative stress and DNA damage induction, 
cell cycle interruption and bystander effects (Rosa et al. 2017). For instance, using 
gadolinium chelated on silica nanoparticles, Detappe et al. developed an advanced 
multimodal gadolinium chelated silica nanoparticles (SiGdNP), as both imaging agents 
and radiosensitizers, and evaluated the synergic effects in cynomolgus monkeys and 
mice models injected with human pancreatic adenocarcinoma (capan-1) cells. After 
being injected with SiGdNPs, the subjects were treated with radiation and observed for 
various parameters then euthanasised after two weeks. It was shown that the cancer cell 
damage (DNA damage), tumour ablation, suppression of growth and overall survival 
were significantly improved by the combination of SiGdNPs and radiation (Detappe et 
al. 2016).  
4. Conclusion 
Extensive efforts have been made in the war against cancer in the past decades, however, 
the treatment of cancer is challenging due to the tumor heterogeneity and varied patient 
characteristics, and widespread application of advanced stage cancer treatment and 
early diagnosis of cancer are still the highest aspirations. In the development of 
successful interventions to cure cancer, nanomaterials have played key roles. In last two 
decades, a variety of nanomaterials have been greatly expanded as well as highly 
diversified and multi-functionalized. Some of these nanomaterials were determined as 
lead candidates to delivery chemotherapeutics to tumors and have passed preclinical 
trials and successfully applied to clinical. EPR-based tumor targeting and then, 
especially, active targeting was introduced, which highly increased the efficiency and 
specificity of drug delivery into tumors.  
Moreover, there is great promise in the combination of nanomaterial with other 
therapeutic interventions, such as photodynamic, sonodynamic and radiotherapy, etc. 
Due to the excellent loading capacity of nanocarriers and multifunctionality of their 
ligand or themselves, nanoparticles can be applied in cancer treatments, as both carriers, 
sensitisers and imaging agents, which are capable of providing advance diagnosis as 
well as diversified treatments. Therefore, nanomedicine has been considered as an 
important and promising intervention in personalized medicine, including but not 
limited to cancer therapy nowadays. 
Despite the promise of nanomedicine, there are several challenges to overcome for 
more successful clinical translation. In-depth understanding of the basic mechanism 
that underlies the anti-cancer effects of nanomedicine is required. The community 
should also make efforts on low-cost commercial manufacturing of homogenous 
biomedical nanomaterials. Then, nanomaterials will benefit the whole mankind in the 
near further.  
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